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(57) ABSTRACT 

The present invention provides methods to obtain dry com 
positions of reaction compounds that maintain the biological 
activity of the compounds upon re-solubilization after a cer 
tain storage time. Preferably, the dry composition comprises 
a polymerase, and the dry composition is usable for poly 
merase chain reaction (PCR) amplification after re-solubili 
Zation. 
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1. 

DRY COMPOSITION OF REACTION 
COMPOUNDS WITH STABILIZED 

POLYMERASE 

SEQUENCE LISTING 

The instant application contains a Sequence Listing which 
has been submitted via EFS-Web and is hereby incorporated 
by reference in its entirety. Said ASCII copy, created on Dec. 
17, 2009, is named 25614US.txt, and is 10,888 bytes in size. 

RELATED APPLICATIONS 

This application claims priority to EP 08022082.5 filed 
Dec. 19, 2008. 

FIELD OF THE INVENTION 

The present invention belongs to the field of dry composi 
tions for polymerase chain reaction amplification. 

BACKGROUND OF THE INVENTION 

Few biological reaction compounds are stable in solubi 
lized form for any length of time, this is especially true for 
storage at room temperature. Consequently, an enormous 
amount of studies was performed in the past to evaluate 
possibilities to enhance the storage capabilities of biological 
reaction compounds in dry form. 

Based on the large amount of state of the art documents in 
the field of dried reaction compounds, the person skilled in 
the art will be confident that it will be essential to use at least 
one stabilizing additive in order to assure the biological activ 
ity of e.g. a polymerase upon re-solubilization. 
WO 2008/36544 describes the use of so-called filler mate 

rials in order to provide dried compositions, the filler mate 
rials are e.g. carbohydrates such as FICOLL. Sucrose, glu 
cose, trehalose, melezitose, DEXTRAN or mannitol, proteins 
Such BSA, gelatin or collagen and polymers such as PEG or 
polyvinyl pyrrolidone (PVP). Glass-forming filler materials 
for stabilizing biological reagents are further described in 
U.S. Pat. Nos. 5,098,893, 5,200,399 and 5,240,843. The filler 
material FICOLL is a copolymer disclosed in U.S. Pat. No. 
3,300,474. 

Moreover, the methods of drying the liquid reaction mix 
tures are most of the time very complex in nature and there 
fore, the drying procedures are demanding and expensive. In 
literature, freeze-drying (U.S. Pat. No. 5,593.824) or vacuum 
drying (U.S. Pat. No. 5,565,318) is used for drying the bio 
logical materials in a carbohydrate polymer matrix. Lyo 
philization or freeze-drying is a well established technique 
towards storage of proteins that is disclosed in many state of 
the art documents (e.g. Passot, S., et al., Pharmaceutical 
Development and Technology 12 (2007) 543-553; Carpenter, 
J. F., et al., Pharmaceutical Research 14(8) (1997) 969-975; 
Schwegman, J. J., et al., Pharmaceutical Development and 
Technology 10 (2005) 151-173). 
A selection of drying conditions for different reaction mix 

tures for sequencing applications comprising genetic modi 
fications of the Taq polymerase are described in U.S. Pat. No. 
7,407,747. Drying procedures used are freeze-drying, speed 
vac without additional heat, speedvac with additional heat 
and air drying at room temperature. The reaction mixtures 
within this patent were tested with respect to a variety of 
cryoprotectants such as trehalose, Sucrose, glucose and trim 
ethylamine-N-oxide (TMANO). Moreover, experiments 
were also performed without cryoprotectants at all, but no 
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2 
data was disclosed concerning the stability of those reaction 
mixtures with time. A good stability for as long as 8 weeks 
was reported only for reaction mixtures comprising trehalose 
and bovine serum albumin (BSA). 

Moreover, U.S. Pat. No. 7,407,747 discloses experiments 
with the polymerase in different sequencing mixtures, the 
sequencing mixtures comprise different compositions of 
buffer solution, nucleotides, nucleotides with fluorescence 
label and primers. There is no disclosure, if a polymerase in 
mixtures for real-time PCR amplifications, namely mixtures 
comprising buffer Solution, nucleotides, primers and detec 
tion probes, may be dried and stored without affecting the 
PCR activity of the polymerase. 
The present invention provides a method to dry a Taq DNA 

polymerase within a real-time PCR mixture, whereas the 
obtained dry composition can be stored without affecting the 
PCR performance of the Taq DNA polymerase. 

SUMMARY OF THE INVENTION 

To provide a dry composition of reaction compounds com 
prising a polymerase is a complex problem, especially if it is 
intended to store the dried composition for a certain amount 
of time and the subsequent re-solubilization of the dried com 
position must be possible without effecting the polymerase 
activity for PCR applications. 

During drying of a liquid solution comprising different 
components, the concentration of the components will 
increase continuously, such that the properties change dras 
tically, whereas the exact behavior of the liquid solution will 
depend on the components and the drying procedure. The 
skilled person will appreciate e.g. that high salt concentra 
tions will destabilize proteins and that buffers will alter their 
behavior at high concentration Such that extreme pH values 
may occur. 
As mentioned before, the person skilled in the art will know 

about certain compounds that can be added to Solutions com 
prising a polymerase in order to enhance the stability of the 
polymerase upon drying. Moreover, the person skilled in the 
art will not expect to obtain the same drying result for a certain 
polymerase, if components of the polymerase mixture will be 
changed. 

E.g., U.S. Pat. No. 7,407,747 discloses that a Taq poly 
merase can be dried in a mixture consisting of buffer solution, 
nucleotides, BSA and trehalose and the polymerase remained 
active for as long as 8 weeks. 

Throughout the present invention methods were developed 
to provide a dry composition of a polymerase for PCR appli 
cation, the composition not only comprises buffers and nucle 
otides, but additional components to form an entire detection 
mixture, namely primers or even primers and probes. 

It was realized that a liquid mixture comprising a poly 
merase, nucleotides and a stabilizing molecule may be dried 
and stored without effecting the polymerase activity, whereas 
the polymerase activity was lost, if additionally primers were 
added to the liquid mixture. In more detail, due to the addition 
of primers, the PCR performance was already lost, if the 
re-solubilization occurred directly after the drying procedure. 

This technical problem of increasing the stability of the Taq 
polymerase Such that the liquid mixture to be dried may 
comprise additionally primers was solved by the present 
invention. 

Surprisingly, it was found that the addition of anaptamerto 
the liquid solution enhanced the stability of the Taq poly 
merase, wherein the stabilization was good enough not only 
to dry, but also to store the dried mixture. 
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Consequently, one aspect of the present invention is a 
method to produce a storable dry composition of reaction 
compounds, the method comprising the steps 

(a) providing a liquid mixture of reaction compounds, the 
liquid mixture comprises primers, nucleotides, a Taq 
DNA polymerase and a first stabilizing molecule, and 

(b) drying the liquid mixture by reducing the pressure 
Surrounding the liquid mixture, 

wherein the dry composition of reaction compounds is 
Soluble in aqueous solution, characterized in that the 
liquid mixture of reaction compounds in step a) further 
comprises an aptameras a second stabilizing molecule. 

Throughout the present invention the phrase “dry compo 
sition' is used to emphasize that the amount of solvent, pref 
erably of aqueous solvents is reduced below 5 weight%. 
The phrase “storable dry composition' implicates through 

out the present invention that the dry composition must be 
storable for at least one week, preferably for at least 4 weeks, 
more preferably for more than 8 weeks, without affecting the 
polymerase activity. 
A “stabilizing molecule' within the present invention is a 

molecule that improves the resistance of the polymerase 
against loss of its PCR activity upon drying an aqueous solu 
tion comprising the polymerase. 

Another aspect of the present invention is a dry composi 
tion of reaction compounds comprising primers, nucleotides, 
a Taq DNA polymerase, a first stabilizing molecule and an 
aptamer as a second stabilizing molecule, the dry composi 
tion provides PCR activity upon re-solubilization after stor 
age at room temperature for at least one week. 

Yet another aspect of the present invention is a method to 
perform a PCR amplification, the method comprises the steps 

(a) re-solubilizing a dry composition of reaction com 
pounds according to the present invention by addition of 
an aqueous Solution, and 

(b) performing a thermocycling protocol with the aqueous 
Solution comprising the re-solubilized reaction com 
pounds. 

BRIEF DESCRIPTION OF THE FIGURES 

FIG. 1 Eamst Plasmid amplification with Taq polymerase 
and casein 

FIG. 2 Wisebi Plasmid amplification with Taq polymerase 
and casein 

FIG. 3 Eamst Plasmid amplification with Taq polymerase 
and BSA 

FIG. 4 Wsebi Plasmid amplification with Taq polymerase 
and BSA 

FIG. 5 Eamst Plasmid amplification with Taq polymerase, 
NTQ12-46A aptamer and casein 

FIG. 6 Wsebi Plasmid amplification with Taq polymerase, 
NTQ12-46A aptamer and casein 

FIG. 7 Eamst Plasmid amplification with Taq polymerase, 
NTQ12-46A aptamer and BSA 

FIG. 8 Wsebi Plasmid amplification with Taq polymerase, 
NTQ12-46A aptamer and BSA 

FIG.9 Wsebi Plasmid amplification with Taq polymerase, 
NTQ12-46A aptamer and casein 

FIG. 10 Wisebi Plasmid amplification with Taq poly 
merase, 21-41-Paptamer and casein 

FIG.11 Eamst Plasmid amplification with Taq polymerase, 
NTQ12-46A aptamer and casein 

FIG.12 Eamst Plasmid amplification with Taq polymerase, 
21-41-Paptamer and casein 

FIG. 13 Eamst Plasmid amplification with dried plasmid 
DNA, Taq polymerase, NTO12-46A aptamer and casein 
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4 
FIG. 14 Wisebi Plasmid amplification with dried plasmid 

DNA, Taq polymerase, NTO12-46A aptamer and casein 

DETAILED DESCRIPTION OF THE INVENTION 

One aspect of the present invention is a method to provide 
a storable dry composition of reaction compounds, the 
method comprising the steps 

(a) providing a liquid mixture of reaction compounds, the 
liquid mixture comprises primers, nucleotides, a Taq 
DNA polymerase and a first stabilizing molecule, and 

(b) drying the liquid mixture by reducing the pressure 
Surrounding the liquid mixture, 

wherein the dry composition of reaction compounds is 
Soluble in aqueous solution, characterized in that the 
liquid mixture of reaction compounds in step a) further 
comprises an aptameras a second stabilizing molecule. 

Several groups of molecules are possible to choose a first 
stabilizing molecule for the Taq DNA polymerase from. 
A preferred method according to the present invention is a 

method, wherein the first stabilizing molecule is a protein, 
preferably the stabilizing molecule is casein or BSA. 

Another preferred method according to the present inven 
tion is a method, wherein the first stabilizing molecule is a 
carbohydrate, preferably the stabilizing molecule is trehalose 
or mannitol. 

Yet another preferred method according to the present 
invention is a method, wherein the first stabilizing molecule is 
a synthetic polymer, preferably the stabilizing molecule is 
PEG or polyvinyl pyrrolidone (PVP). 

It is the Surprising finding of the present invention that 
another group of molecules can provide a stabilizing effect 
for the polymerase, namely the group of aptamers. Aptamers 
are known to bind to a polymerase in Solution, whereas the 
so-called “hot start” feature is added to the polymerase (e.g. 
U.S. Pat. Nos. 5,475,096 and 5,270,163). In brief, the short 
oligonucleotides (aptamers) bind to the polymerase such that 
the polymerase activity is blocked. If the temperature is 
increased above a certain threshold during the thermocycling 
protocol of a PCR amplification, the aptamer will release the 
polymerase and the polymerase activity is initiated. Conse 
quently, in “hot start PCR the use of polymerase binding 
aptamers hinders the undesirable low temperature activity of 
polymerase until the reaction temperature is sufficient to exert 
high Stringency for primer annealing. 
As mentioned before, the Taq DNA polymerase within a 

mixture comprising buffer, nucleotides and a first stabilizing 
molecule could be dried, stored and re-solubilized without 
effecting the polymerase activity, but after adding primers to 
the mixture, the polymerase activity was lost directly after 
drying. Only after addition of an aptamer to the Solution, the 
polymerase activity could be maintained again. 

Without being bound to theory, it is expected that the 
hydroxyl group at the 3' end of the primers influences at least 
those amino acids of the polymerase that are responsible for 
the PCR activity. This theory was tested by additional experi 
ments (data not shown), wherein the primers were replaced 
by phosphorylated primers and the PCR activity was ana 
lyzed after drying. It turned out that phosphorylated primers 
do not influence the polymerase and the liquid mixture of 
reaction compounds could be dried without the need for an 
additional aptamer. 

In case of the Taq DNA polymerase, a mixture comprising 
buffer, nucleotides and e.g. casein as a stabilizing molecule 
could be dried, stored and re-solubilized without effecting the 
polymerase stability (see examples). After adding primers to 
the mixture, the PCR performance was lost directly after 
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drying (data not shown, examples show only results after 
storage). Consequently, the requirements to stabilize the Taq 
polymerase for drying are increased due to the addition of 
primers to the liquid mixture. 

Additional experiments showed that the aptamer without 
the first stabilizing molecule could not provide sufficient sta 
bility in order to maintain the polymerase activity (data not 
shown). Consequently, the combination of a first stabilizing 
molecule with an aptamer enables the drying and storing of 
the Taq DNA polymerase in a mixture comprising butler, 
nucleotides and primers. 

In a preferred method according to the present invention, 
the aptamer is anaptamer having the sequence SEQID NO:9 
or SEQID NO:10. 

Without being bound to theory, it is expected that the 
aptamers due to their ability to attach to the Taq DNA poly 
merase enhances the resistance of the polymerase with 
respect to high Salt concentration, extreme pH values and the 
hydroxyl groups of primers. 

In another preferred method according to the present 
invention, the liquid mixture of reaction compounds is a 
buffered aqueous Solution comprising a magnesium salt. 

In a more preferred method according to the present inven 
tion, the liquid mixture of reaction compounds is buffered by 
Tris or Hepes. 

In another more preferred method according to the present 
invention, the liquid mixture of reaction compounds further 
comprises potassium chloride. 

With respect to the drying procedure in step b) of the 
method according to the present invention, several workflows 
are suitable. In general, the person skilled in the art will 
appreciate that the time necessary to dry the liquid mixture 
will correlate with the pressure Surrounding the liquid mix 
ture. Within the present invention it was approved that the 
pressure should not be lowered to very small pressure values, 
at least not in one step. If the pressure difference is too large, 
the liquid mixture will loose contact with the vessel contain 
ing the mixture, such that a complete re-solubilization can no 
longer be realized. 

In a preferred method according to the present invention, 
the pressure Surrounding the liquid mixture is reduced in step 
b) to below 600 mbar, preferably to below 400 mbar, most 
preferably to 200 mbar. 

In a more preferred method according to the present inven 
tion, the reduced pressure is maintained for at least 6 hour, 
preferably for at least 10 hours, most preferably for 16 hours. 

Based on suitability for laboratory practice, it is preferred 
to store the liquid mixture at 200 mbar over night. 

In order to reduce the time required to produce the dry 
composition it is possible to perform the drying step b) of the 
method according to the present invention in two steps, 
namely a first step with a relatively high pressure followed by 
a second step with a lower pressure. 

In another preferred method according to the present 
invention, the pressure is further reduced in a second part of 
step b), the further reduced pressure is below 200 mbar, 
preferably below 100 mbar, most preferably is 50 mbar. 

In yet another preferred method according to the present 
invention, the further reduced pressure is maintained for at 
least 1 hour, preferably for at least 3 hours, most preferably 
for 4 hours. 
A preferred 2-step drying workflow comprises a first step at 

200 mbar for 10 hours followed by a second step at 50 mbar 
for 4 hours. 

In still another preferred method according to the present 
invention, the drying in stepb) is performed at room tempera 
ture. 
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6 
Within the present invention it turned out that adjusting the 

temperature to certain high or low values does not influence 
the PCR activity upon re-solubilization. Consequently, it is 
preferred to perform the drying at room temperature. 

In order to provide a complete dry composition for real 
time PCR, it is necessary to add also detection probes to the 
liquid mixture of reaction compounds. Within the present 
invention it was approved that the addition of detection 
probes to the liquid mixture of reaction compounds does not 
influence the PCR activity upon re-solubilization. Please note 
that the Taq DNA polymerase maintained its PCR activity 
upon re-solubilization even without the aptamer, if the liquid 
mixture comprises detection probes, but no primers (data not 
shown). 

In a preferred method according to the present invention, 
the liquid mixture of reaction compounds further comprises 
detection probes. 

In a more preferred method according to the present inven 
tion, the detection probes are fluorescence labeled probes, 
preferably hybridization probes or hydrolysis probes. 

Since real-time PCR is generally performed based on fluo 
rescence detection, it is preferred to use fluorescence labeled 
probes. The main three probe formats are introduced briefly 
in the following. 
a) Hydrolysis Probe Format (TaqMan Format): 
A single-stranded Hybridization Probe is labeled with two 

components. When the first component is excited with light of 
a suitable wavelength, the absorbed energy is transferred to 
the second component, the so-called quencher, according to 
the principle of fluorescence resonance energy transfer. Dur 
ing the annealing step of the PCR reaction, the hybridization 
probe binds to the target DNA and is degraded by the 5'-3' 
exonuclease activity of the Taq Polymerase during the Sub 
sequent elongation phase. As a result the excited fluorescent 
component and the quencher are spatially separated from one 
another and thus a fluorescence emission of the first compo 
nent can be measured (U.S. Pat. Nos. 5,210,015, 5,538,848, 
5,487.972, 5,804,375). 
b) Molecular Beacons: 

These hybridization probes are also labeled with a first 
component and with a quencher, the labels preferably being 
located at both ends of the probe. As a result of the secondary 
structure of the probe, both components are in spatial vicinity 
in solution. After hybridization to the target nucleic acids both 
components are separated from one another such that after 
excitation with light of a suitable wavelength the fluorescence 
emission of the first component can be measured (U.S. Pat. 
No. 5,118,801). 
c) FRET Hybridization Probes: 

This format is characterized by two single-stranded 
hybridization probes which are used simultaneously and are 
complementary to adjacent sites of the same strand of the 
amplified target nucleic acid. Both probes are labeled with 
different fluorescent components. When excited with light of 
a Suitable wavelength, a first component transfers the 
absorbed energy to the second component according to the 
principle of fluorescence resonance energy transfer such that 
a fluorescence emission of the second component can be 
measured when both hybridization probes bind to adjacent 
positions of the target molecule to be detected. Alternatively 
to monitoring the increase in fluorescence of the FRET accep 
tor component, it is also possible to monitor fluorescence 
decrease of the FRET donor component as a quantitative 
measurement of hybridization event (WO 97/46707: WO 
97/46712: WO 97/46714). 

In most PCR applications it is desirable to incorporate a 
control mechanism in order to evaluate, if the PCR amplifi 
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cation as Such did work. In general, this is performed with a 
template DNA spiked to the sample (internal control) or with 
template DNA within a separate vessel (external control). 
Throughout the present invention both alternatives are sum 
marized by the phrase positive control. 

In a preferred method according to the present invention, 
the liquid mixture of reaction compounds further comprises 
template DNA. 

In a more preferred method according to the present inven 
tion, the template DNA is used as a positive control. 
As mentioned before, the experiments within the present 

invention Suggest that the hydroxyl groups at the 3' end of 
nucleic acids influence the Taq DNA polymerase. Conse 
quently, also template DNA added to the liquid mixture may 
have a negative impact on the PCR performance after re 
solubilization. But probably based on the much lower con 
centration of template DNA in comparison with normal 
primer concentrations, it was identified that adding template 
DNA to the liquid mixture does not influence the PCR per 
formance after re-solubilization. 

In a more preferred method according to the present inven 
tion, the template DNA is a circular plasmid. 

Such a circular plasmid does not have any 3' hydroxyl 
groups and therefore, the negative impact of hydroxyl groups 
can be reduced even further. 

Another aspect of the present invention is a dry composi 
tion of reaction compounds comprising primers, nucleotides, 
a Taq DNA polymerase, a first stabilizing molecule and an 
aptamer as a second stabilizing molecule, the dry composi 
tion provides PCR activity upon re-solubilization after stor 
age at room temperature for at least one week. 

In a more preferred dry composition of reaction com 
pounds according to the present invention, the PCR activity is 
provided upon re-solubilization after storage at room tem 
perature for at least four weeks, more preferably for at least 
eight weeks. 

Several experiments to evaluate the long term stability 
were performed and e.g. a dry composition of reaction com 
pounds comprising a Taq DNA polymerase with the aptamer 
NTQ12-46A (SEQ ID NO:9) as well as primers and probes 
provided PCR activity upon re-solubilization after storage at 
room temperature for eight weeks (data not shown). 
A preferred dry composition of reaction compounds 

according to the present invention is a dry composition fur 
ther comprising detection probes. 

In a more preferred dry composition of reaction com 
pounds according to the present invention, the detection 
probes are fluorescence labeled probes, preferably hybridiza 
tion probes or hydrolysis probes. 

Another preferred dry composition of reaction compounds 
according to the present invention is dry composition, 
wherein the first stabilizing molecule is a protein, preferably 
the stabilizing molecule is casein or BSA. 

Yet another preferred dry composition of reaction com 
pounds according to the present invention is dry composition, 
wherein the first stabilizing molecule is a carbohydrate, pref 
erably the stabilizing molecule is trehalose or mannitol. 

Still another preferred dry composition of reaction com 
pounds according to the present invention is dry composition, 
wherein the first stabilizing molecule is a synthetic polymer, 
preferably the stabilizing molecule is PEG or polyvinyl pyr 
rolidone (PVP). 

In another preferred dry composition of reaction com 
pounds according to the present invention, the aptamer is an 
aptamer having the sequence SEQ ID NO:9 or SEQ ID 
NO:10. 
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8 
In yet another preferred dry composition of reaction com 

pounds according to the present invention, the liquid mixture 
of reaction compounds further comprises template DNA. 

In a more preferred dry composition of reaction com 
pounds according to the present invention, the template DNA 
is a positive control. 

In another more preferred dry composition of reaction 
compounds according to the present invention, the template 
DNA is a circular plasmid. 

Yet another aspect of the present invention is a method to 
perform a PCR amplification, the method comprises the steps 

(a) re-solubilizing a dry composition of reaction com 
pounds according to the present invention by addition of 
an aqueous solution, and 

(b) performing a thermocycling protocol with the aqueous 
Solution comprising the re-solubilized reaction com 
pounds. 

The dry composition of reaction compounds of the present 
invention can be re-solubilized without special auxiliary 
means by simply adding aqueous solution. But in order to 
support the solubilization and reduce the solubilization time it 
may be preferred to apply mechanical stimulation. 

In a preferred method to perform a PCR amplification 
according to the present invention, the re-solubilization in 
step b) is Supported by shaking of the mixture. 

In another preferred method to perform a PCR amplifica 
tion according to the present invention, the re-solubilization 
in step b) is Supported by Vortexing the mixture. 

Because only water needs to be added to the dry composi 
tion of reaction compounds, two alternatives to perform a 
PCR amplification are within the scope of the present inven 
tion. In the first alternative, the dry composition is re-solubi 
lized with aqueous solution and the sample comprising the 
target nucleic acid to be analyzed is added afterwards. In the 
second, preferred alternative, the dry composition is directly 
re-solubilized with an aqueous solution comprising the target 
nucleic acid to be amplified. 

In a preferred method according to the present invention, 
the aqueous solution comprises a target nucleic acid to be 
amplified by the thermocycling protocol. 
The following examples, sequence listing and figures are 

provided to aid the understanding of the present invention, the 
true scope of which is set forth in the appended claims. It is 
understood that modifications can be made in the procedures 
set forth without departing from the spirit of the invention. 

EXAMPLE 1. 

Stability of Taq DNA Polymerase 

This example Summarizes the results of liquid mixtures of 
the Taq DNA polymerase without aptamers. The PCR perfor 
mance of the polymerase after storage and re-solubilization 
was analyzed with and without detection mix (with or without 
primers and probes) using two different parameters. The liq 
uid mixtures were dried for 16 hat 200 mbar and stored for 1 
week at 37° C. prior to re-solubilization. As a control a liquid 
mixture without drying was used, too (called liquid reference 
in the following). 

All mixtures were provided within wells of a 384 microtiter 
plate (Roche Diagnostic GmbH) and after the re-solubiliza 
tion a PCR run was performed on the LightCycler(R)480 
(Roche Diagnostic GmbH) using the following run protocol: 

5 minutes 95°C. 
10 seconds 95° C., 30 seconds 60° C., 1 second 72° C. 

(45x) 
10 seconds 40° C. 
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Mastermix with Casein: 
60 mM Tris/HCl pH 8.3, 60 mM KC1, 6.4 mM MgCl2, 0.4 

mM dATP, 0.4 mM dCTP, 0.4 mM dGTP, 1.2 mM dUTP 1 
mg/mL casein and 0.3 U/ul Taq DNA Polymerase (glycerol 
free). 
Mastermix with BSA: 

60 mM Tris/HCl pH 8.3, 60 mM KC1, 6.4 mM MgCl2, 0.4 
mM dATP, 0.4 mM dCTP, 0.4 mM dGTP, 1.2 mM dUTP 1 
mg/ml BSA and 0.3 U/ul Taq DNA Polymerase (glycerol 
free). 
qPCR Eamst Detection Mix: 

10 mM Tris pH 8.3, 0.05% Brij, 7.1 M forward Primer 
(SEQ ID NO:1), 7.1 uM reverse Primer (SEQID NO:2) and 
0.6 uM Fam-Tamra Probe (SEQID NO:3). 
qPCRWsebi Detection Mix: 

10 mM Tris pH 8.3, 0.05% Brij, 7.1 M forward Primer 
(SEQ ID NO:4), 7.1 uM reverse Primer (SEQID NO:5) and 
0.6LAM Fam-Tamra Probe (SEQID NO:6). 
The following mixtures were prepared and dried on a 

microtiter plate, whereas each mixture was placed on the 
microtiter plate three times: 

10 

15 

10 

Taq DNA Polymerase 

Eamst Wisebi 

Casein BSA Casein BSA 

without Detection Mix 5 Il Master 5 Il Master 
with Detection Mix 5 Jul Master + 1.4 ul 

Detection Mix Eamst 
5 Jul Master + 1.4 ul 
Detection Mix Wisebi 

For the subsequent PCR amplification the dry composi 
tions were re-solubilized by adding Solutions according to the 
following pipetting scheme. The liquid reference was pipet 
ted prior to the PCR run in empty wells of the microtiter plate. 
The plasmids were pipetted with a concentration of 4x10e4 
copies/ul. 

Water 

Master Mix 

Eamst Detection Mix 

WSebi Detection Mix 
Eamst Plasmid 

(SEQID NO: 7) 
WSebi Plasmid 

(SEQID NO:8) 

final volume 

Eamst Wisebi 

without with without with 
Detection Detection liquid Detection Detection liqui 
Mix Mix reference Mix Mix reference 

6.1 Ll 7.5 ul 1.1 Ll 6.1 7.5 ul 1.1 
5 ul 5 

1.4 ul 1.4 ul 
1.4 1.4 

2.5 ul 2.5 ul 2.5 ul 

2.5 2.5 ul 2.5 

10 ul 10 ul 10 ul 10 10 ul 10 

Results: 
The PCR amplification curves of this example are summa 

45 
rized in FIGS. 1-4, wherein the curves without detection mix 
are labeled with “1”, the curves with detection mix are labeled 
with “2 and the curves of the liquid reference are labeled 
with “3”. Moreover, the following table summarizes the PCR 
values obtained from the curves of FIGS. 1-4. 

Casein Crossing Point 
fluorescence 

BSA Crossing Point 
fluorescence 

Taq DNA Polymerase 

Eamst Wisebi 

without with without with 

Detection Detection liquid Detection Detection liquid 

Mix Mix reference Mix Mix reference 

24.7 21.1 24.8 26.2 26.6 

7.2 2.0 7.2 5.7 5.8 

24.5 21.7 24.8 25.9 26.6 

7.5 1.8 8.O 5.5 7.0 



US 8,652,811 B2 
11 

From this example it is clear that the performance of the 
Taq DNA Polymerase dried without the detection mix is 
identical to that of the Taq DNA Polymerase within the liquid 
reference. On the other hand, if the Taq DNA Polymerase is 
dried with the detection mix, the PCR performance after 
re-solubilization is no longer acceptable. 

With respect to the Wisebi parameter, no amplification is 
detectable at all in case of drying with detection mix. With 
respect to the Eamst parameter, a similar crossing point is still 
detectable, but the fluorescence value is no longer acceptable. 

EXAMPLE 2 

Stability of Taq DNA Polymerase with Aptamer 
NTQ12-46a 

This example Summarizes the results of liquid mixtures of 
the Taq DNA polymerase with the aptamer NTQ12-46A 
(SEQ ID NO:9). A Taq DNA polymerase with attached 
aptamer is named AptaTaq DNA polymerase NTQ12-46A 
throughout this example. 

The PCR performance of the polymerase after storage and 
re-solubilization was analyzed with and without detection 
mix (with or without primers and probes) using two different 
parameters. The liquid mixtures were dried 16 hours at 200 
mbar and stored for 1 week at 37°C. prior to re-solubilization. 
As a control a liquid mixture without drying was used, too 
(called liquid reference in the following). 

All mixtures were provided within wells of a 384 microtiter 
plate (Roche Diagnostic GmbH) and after the re-solubiliza 
tion a PCR run was performed on the LightCycler(R)480 
(Roche Diagnostic GmbH) using the following run protocol: 

Water 
Master Mix 
Eamst Detection Mix 
WSebi Detection Mix 
Eamst Plasmid 
(SEQID NO: 7) 
WSebi Plasmid 
(SEQID NO:8) 

final volume 

5 minutes 95°C. 
10 seconds 95°C., 30 seconds 60° C., 1 second 72° C. 

(45x) 
10 seconds 40° C. 

Mastermix with Casein: 
60 mM Tris/HCl pH 8.3, 60 mM KC1, 6.4 mM MgCl2, 0.4 

mM dATP, 0.4 mM dCTP, 0.4 mM dGTP, 1.2 mM dUTP 1 
g/L casein and 0.3 U/ul AptaTaq DNA Polymerase (glycerol 
free, 0.65 pmol Aptamer (NTQ12-46A: SEQ ID NO:9)/1U 
Taq DNA Polymerase). 
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12 
Mastermix with BSA: 

60 mM Tris/HCl pH 8.3, 60 mM KC1, 6.4 mM MgCl2, 0.4 
mM dATP, 0.4 mM dCTP, 0.4 mM dGTP, 1.2 mM dUTP 1 
mg/ml BSA and 0.3 U/ul AptaTaq DNA Polymerase (glycerol 
free: 0.65 pmol Aptamer (NTQ12-46A: SEQ ID NO:9)/1U 
Taq DNA Polymerase). 
qPCR Eamst Detection Mix and qPCRWsebi Detection Mix: 

These detection mixtures are the same like in example 1. 
The following mixtures were prepared and dried on a 

microtiter plate, whereas each mixture was placed on the 
microtiter plate three times: 

AptaTaq DNA Polymerase NTQ12-46A 

Eamst Wisebi 

Casein BSA Casein BSA 

without Detection Mix 5 Il Master 5 Il Master 

with Detection Mix 5 Jul Master + 1.4 ul 5 Jul Master + 1.4 ul 
Detection Mix Eamst Detection Mix Wisebi 

For the subsequent PCR amplification the dry composi 
tions were re-solubilized by adding solutions according to the 
following pipetting scheme. The liquid reference was pipet 
ted prior to the PCR run in empty wells of the microtiter plate. 
The plasmids were pipetted with a concentration of 4x10e4 
copies/ul. 

Eamst Wisebi 

without with without with 
Detection Detection liquid Detection Detection liquid 
Mix Mix reference Mix Mix reference 

6.1 Ll 7.5 ul 1.1 Ll 6.1 ul 7.5 ul 1.1 ul 
5 ul 5 ul 

1.4 ul 1.4 ul 
1.4 ul 1.4 ul 

2.5 ul 2.5 ul 2.5 ul 

2.5 ul 2.5 ul 2.5 ul 

10 ul 10 ul 10 ul 10 ul 10 ul 10 ul 

Results: 

The PCR amplification curves of this example are summa 
rized in FIGS. 5-8, wherein the curves after drying without 
detection mix are labeled with “1”, the curves after drying 
with detection mix are labeled with '2' and the curves of the 

liquid reference (without drying) are labeled with '3”. More 
over, the following table summarizes the PCR values 
obtained from the curves of FIGS. 5-8. 
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Apta Tad DNA Polymerase NTQ12-46A 

Eamst Wisebi 

without with without with 
Detection Detection liquid Detection Detection liquid 
Mix Mix reference Mix Mix reference 

Casein Crossing Point 24.3 23.9 24.9 24.1 24.O 25.1 
fluorescence 6.7 5.7 7.3 4.3 4.1 5.4 

BSA Crossing Point 24.6 24.2 2SO 24.4 24.2 2S.O 
fluorescence 6.5 5.3 7.6 4.3 4.0 6.0 

In order to verify the stabilizing properties of the aptamer is qPCR Eamst Detection Mix and qPCRWsebi Detection Mix: 
the amplification curves of FIGS. 5-8 needs to be compared 
with FIGS. 1-4, more precisely FIG. 5 with FIG. 1, FIG. 6 
with FIG. 2, FIG. 7 with FIG. 3, FIG.8 with FIG. 4. It is clear 
that FIGS. 1-4 show drastically reduced amplification curves 
after drying, whereas the FIGS. 5-8 show only slightly altered 
curves after drying. 

From this example it is clear that the performance of the 
AptaTaq DNA Polymerase NTQ12-46A dried with or with 
out the detection mix is still acceptable after the re-solubili 
Zation of the dry composition. 

Example 3 

Comparison of Taq DNA Polymerase with Aptamer 
NTQ12-46a and with Aptamer 21-42-P 

Within this example the PCR performance of liquid mix 
tures of the Taq DNA polymerase with the aptamer NTQ12 
46A (SEQID NO:9) is compared with the aptamer 21-42-P 
(SEQ ID NO:10). A Taq DNA polymerases with attached 
aptamer are named AptaTaq DNA polymerase NTQ12-46A 
and AptaTaq DNA polymerase 21-42-P throughout this 
example, respectively. 
The PCR performance of the polymerase with both aptam 

ers were analyzed with detection mix (with primers and 
probes) after storage and re-solubilization using two different 
parameters. The liquid mixtures were dried 16 hours at 200 
mbar and stored for 1 week at 37°C. prior to re-solubilization. 
As a control a liquid mixture without drying was used, too 
(called liquid reference in the following). 

All mixtures were provided within wells of a 384 microtiter 
plate (Roche Diagnostic GmbH) and after the re-solubiliza 
tion a PCR run was performed on the LightCycler(R)480 
(Roche Diagnostic GmbH) using the following run protocol: 

5 minutes 95°C. 

10 seconds 95°C., 30 seconds 60° C., 1 second 72° C. 
(45x) 

10 seconds 40° C. 

Mastermix with Casein-Aptamer NTQ21-46A: 
60 mM Tris/HCl pH 8.3, 60 mM KC1, 6.4 mM MgCl2, 0.4 

mM dATP, 0.4 mM dCTP, 0.4 mM dGTP, 1.2 mM dUTP 1 
g/L casein and 0.3 U/ul AptaTaq DNA Polymerase (glycerol 
free, 0.65 pmol Aptamer NTQ12-46A (SEQ ID NO:9)/1 U 
Taq DNA Polymerase). 
Mastermix with Casein-Aptamer 21-42-P: 

60 mM Tris/HCl pH 8.3, 60 mM KC1, 6.4 mM MgCl2, 0.4 
mM dATP, 0.4 mM dCTP, 0.4 mM dGTP, 1.2 mM dUTP 1 
g/L casein, 0.8 U/ul AptaTaq DNA Polymerase (glycerol free; 
0.5uM Aptamer 21-42-P (SEQID NO:10). 
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These detection mixtures are the same like in example 1. 
The following mixtures were prepared and dried on a 

microtiter plate, whereas each mixture was placed on the 
microtiter plate three times: 

Taq DNA Polymerase with different Aptamer 

Eamst Wisebi 

NTQ21-46A 21-42-P NTQ21-46A 21-42-P 

with Detection Mix 5 Il Master + 1.4 ul 5 Jul Master + 1.4 ul 
Detection Mix Eamst Detection Mix Wisebi 

For the subsequent PCR amplification the dry composi 
tions for each aptamer were re-solubilized by adding solu 
tions according to the following pipetting scheme. The liquid 
reference was pipetted prior to the PCR run in empty wells of 
the microtiter plate. The plasmids were pipetted with a con 
centration of 4x10e4 copies/ul. 

Eamst Wisebi 

with with 
Detection liquid Detection liquid 
Mix reference Mix reference 

Water 7.5 ul 1.1 ul 7.5 ul 1.1 ul 
2x Master Mix 5 ul 5 ul 
Eamst Detection Mix 1.4 ul 
WSebi Detection Mix 1.4 ul 
Eamst Plasmid 2.5 ul 2.5 ul 
(SEQID NO: 7) 
WSebi Plasmid 2.5 ul 2.5 ul 
(SEQID NO:8) 

final volume 10 ul 10 ul 10 ul 10 ul 

Results: 

The PCR amplification curves of this example are summa 
rized in FIGS. 9-12, wherein the curves after drying with 
detection mix are labeled with “1” and the curves of the liquid 
reference (without drying) are labeled with “2. Moreover, 
the following table summarizes the PCR values obtained 
from the curves of FIGS. 9-12. 
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Aptamer Aptamer 
NTQ21-4.6A 21-42-P 

Eamst WSebi Eamst Wisebi 

dried Master with Crossing Point 25.5 24.1 25.5 24.8 
Detection Mix fluorescence 6.4 S.O 7.3 6.4 
liquid reference Crossing Point 25.6 24.2 25.6 24.7 

fluorescence 6.3 5.3 7.8 6.6 

Again, in order to verify the stabilizing properties of the 
aptamer the amplification curves of FIGS. 9-12 needs to be 
compared with FIGS. 1-4 and it is clear that FIGS. 1-4 show 
drastically reduced amplification curves after drying, 
whereas the FIGS. 9-12 show only slightly altered curves 
after drying. 

From this example it is clear that the performance of the 
AptaTaq DNA Polymerase NTQ12-46A and of the AptaTaq 
DNA Polymerase 21-41-P dried with detection mix are com 
parable after re-solubilization of the dry composition. 

Master with Master with 
Detection 
Mix 

Water 7.5 ul 
Master Mix 
Eamst Detection Mix 
Wisebi Detection Mix 

Eamst Plasmid 2.5 ul 
Wisebi Plasmid 

final volume 10 ul 

40 

Example 4 

Apta Tag DNA Polymerase NTQ12-46a Dried with 
Plasmid DNA 

Within this example a liquid mixture with AptaTaq DNA 
Polymerase NTQ12-46A, plasmid DNA of two different 
parameters and the respective detection mix were dried and 
the PCR performance after storage and re-solubilization was 
compared to liquid mixtures without the plasmids. The liquid 
mixtures were dried 16 hours at 200 mbar and stored for 1 
week at 37° C. prior to re-solubilization. As a control a liquid 
mixture without drying was used, too (called liquid reference 
in the following). All mixtures were provided within wells of 
a 384 microtiter plate (Roche Diagnostic GmbH) and after the 
re-solubilization a PCR run was performed on the LightCy 
clerR480 (Roche Diagnostic GmbH) using the following run 
protocol: 

5 minutes 95°C. 
10 seconds 95°C., 30 seconds 60° C., 1 second 72° C. 

(45x) 
10 seconds 40° C. 
Master mix and both detection mixtures are the same as in 

example 2. 
The following mixtures were prepared and dried on a 

microtiter plate, whereas each mixture was placed on the 
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16 
microtiter plate three times. The plasmids were pipetted with 
a concentration of 4x10e4 copies/ul. 

AptaTaq DNA Polymerase NTQ12-46A 

Eamst Wisebi 

Master with 5 Il Master + 1.4 ul 5 Jul Master + 1.4 ul 
Detection Mix Detection Mix Eamst Detection Mix Wisebi 

Master with 5 Il Master + 1.4 ul 5 Jul 2x Master + 1.4 ul 
Detection Mix Detection Mix Eamst + Detection Mix Wisebi + 

and with 2.5il Plasmid DNA Eamst 2.5l Plasmid DNAWsebi 
Plasmid DNA 

For the subsequent PCR amplification the dry composi 
tions for each mixture were re-solubilized by adding solu 
tions according to the following pipetting scheme. The liquid 
reference was pipetted prior to the PCR run in empty wells of 
the microtiter plate. 

Eamst Wisebi 

Master with Master with 
Detection Mix liquid Detection Detection Mix liquid 
and Plasmid reference Mix and Plasmid reference 

10 ul 1.1 ul 7.5 ul 10 ul 1.1 ul 
5ul 5ul 

1.4 ul 
1.4 ul 

2.5 ul 
2.5 ul 2.5 ul 

10 ul 10 ul 10 ul 10 ul 10 ul 

Results: 

The PCR amplification curves of this example are summa 
rized in FIGS. 13-14, wherein the curves after drying without 
plasmid are labeled with “1”, the curves after drying with 
plasmid are labeled with “2 and the curves of the liquid 
reference (without drying) are labeled with '3”. Moreover, 
the following table summarizes the PCR values obtained 
from the curves of FIGS. 13-14. 

Eamst Wisebi 

Master with Detection Mix Crossing Point 24.5 24.8 

fluorescence 6.6 5.2 

Master with Detection Mix Crossing Point 24.5 24.5 

and Plasmid fluorescence 6.5 S.O 

liquid reference Crossing Point 24.9 24.9 
fluorescence 7.3 S.O 

From this example it is clear that the performance of the 
AptaTaq DNA Polymerase NTQ12-46A after storage and 
re-solubilization of the dry composition is not influenced, if a 
plasmid is added to the liquid mixture prior to drying. 
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SEQUENCE LISTING 

<16O is NUMBER OF SEO ID NOS: 10 

<210s, SEQ ID NO 1 
&211s LENGTH: 17 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 1 

gtggcggcac catgtct 

<210s, SEQ ID NO 2 
&211s LENGTH: 23 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 2 

Ctggittaaaa agattggttg cga 

<210s, SEQ ID NO 3 
&211s LENGTH: 22 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
probe 

<4 OOs, SEQUENCE: 3 

CagctggaCC tacgggagcg gg 

<210s, SEQ ID NO 4 
&211s LENGTH: 21 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 4 

ggct tagtga atcctt.cgga g 

<210s, SEQ ID NO 5 
&211s LENGTH: 22 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 5 

gtttacccaa ctittgcagtic ca 

<210s, SEQ ID NO 6 
&211s LENGTH: 23 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
probe 

<4 OOs, SEQUENCE: 6 

Synthetic 

17 

Synthetic 

23 

Synthetic 

22 

Synthetic 

21 

Synthetic 

22 

Synthetic 

18 
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- Continued 

SEO ID NO 9 
LENGTH: 46 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

oligonucleotide 

<4 OOs, SEQUENCE: 9 

cgat catcto agaacattct tagcqttttgttcttgttgta tdatcg 

SEQ ID NO 10 
LENGTH: 42 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

oligonucleotide 

<4 OOs, SEQUENCE: 10 

gatcatct ca gaa cattctt agcgttttgt tottgttgtat ga 

What is claimed is: 25 
1. A method to produce a storable dry composition of 

reaction compounds, the method comprising the steps of 
providing a liquid mixture of reaction compounds, the liquid 
mixture comprising primers, nucleotide, a Taq DNA poly 
merase, a first stabilizing molecule, an anaptameras a second 30 
stabilizing molecule, and drying the liquid mixture by reduc 
ing pressure surrounding the liquid mixture, wherein the 
aptamer binds to the Taq DNA polymerase and stabilizes the 
Taq DNA polymerase through the drying process and 
wherein the dry composition of reaction compounds are 
soluble in an aqueous solution and wherein the Taq DNA 
polymerase is active in the soluble solution. 

2. The method of claim 1 wherein the first stabilizing 
molecule is casein or bovine serum albumin (BSA). 

3. The method of claim 1 wherein the aptamer has the 
sequence of SEQID NO:9 or SEQID NO: 10. 

4. The method of claim 1 wherein the liquid mixture of 
reaction compounds further comprises a buffer and a magne 
sium salt in aqueous solution. 

35 

40 

OTHER INFORMATION: Description of Artificial Sequence: 

OTHER INFORMATION: Description of Artificial Sequence: 

Synthetic 

46 

Synthetic 

42 

5. The method of claim 1 wherein the pressure surrounding 
the liquid mixture is reduced in the drying step to below 600 
mbar. 

6. The method of claim 1 wherein the pressure surrounding 
the liquid mixture is reduced in the drying step to below 400 
mbar. 

7. The method of claim 1 wherein the pressure surrounding 
the liquid mixture is reduced in the drying step to 200 mbar. 

8. The method of claim 1 wherein the drying step is per 
formed at room temperature. 

9. The method of claim 1 wherein the liquid mixture of 
reaction compounds further comprises detection probes, 
preferably the detection probes are fluorescence labeled 
probes. 

10. The method of claim 1 wherein the liquid mixture of 
reaction compounds further comprises template DNA. 

k k k k k 


